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(1973) found that there was diffuse hemoglobin staining of myocardial
tissue, extravasation of the hemoglobin, and cellular and interstitial
edema. Vascular endothelial damage was observed (Suaudeau et al,
1979), as was subendocardial and midmural coagulation necrosis.

Mitochondria were swollen, with loss of cristie and matrix granules.
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ABSTRACT

This paper reviews 19 articles, obtained by ao . haustive search
of the medline file of MEDLARS database, concerning the effect of
hemoglobin solutions on the myocardium. Myocardial function can be
supported in the presence of stroma-free hemoglobin solution with some
beneficial and some detrimental effects. Most researchers have noted .-.- :
decreased cardiac work, decreased aortic and left ventricular filling
pressure, decreased mean left atrial pressure, improved cardiac index P-P 4-1%.r

and increased stroke work without a change in myocardial oxygen
consumption. Most authors reported that coronary vascular resistance
(CVR) decreased and coronary blood flow (CBF) increased, although P .

three papers noted the opposite..(Kim et al, 1983; Dennis et al, 1983

and Suaudeau et al 1979). ,Biro (1-82-Y'even noted a decreased coronary
sinus pO2, implying an inadequate oxygen supply. In two papers, the

researchers (Feola et al, 1979; Biro and Beresford-Kroeger, 1980) NO
,reported a decrease in myocardial infarct size as a result of SFHS(
infusion possibly as a result of the decreased CVR and increased CBFX\
This in itself has the potential for widespread use of SFHS. 0 - -

Histologically Suaudeau et al (1978, 1979), but not Riedesel et al
(1973) found that there was diffuse hemoglobin staining of myocardial
tissue, extravasation of the hemoglobin, and cellular and interstitial
.odema. Vascular endothelial damage was observed (Suaudeau et al,
-117)), as was subendocardial and midmural coagulation necrosis.
M1tochondria were swollen, with loss of cristie and matrix granules.
The addition of albumin to SFHS may counter these effects. High
molecular weight polymers of SFHS were not studied. Much of the
ultrastroctUral damage and some of the physiologic impairment could be

related to an uncoupling of oxidative phosphorylation in the
nitochondria, a known toxic effect of endotoxin. Perhaps this is the •
site of action for the known enhancement of endotoxin toxicity by 4 ""

hemoglobin. Hemoglobin itself might be toxic to mitochondria. It is
also quite possible that the hemoglobin solutions used were
contaminated with endotoxin, a known and significant problem. This--
possibility certainly would be worthy of further investigation.

The major problem with all these studies is the interpretation of ,
data obtained in a nonphysiologic model. These animals were - -

unconscious, intubated and ventilated, and had one to four drugs -

idi in i stred. In order to0 obt ain mnenn ingful. data.~, hemnoglobin solution
which is endotoxin-free and physiologic with respect to electrolytes
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HEMOGLOBIN SOLUTION EFFECTS ON THE HEART

Review of 19 Research Reports

Paper 1. Riedesel WM II, Erdamar I, Dos SJ. 1973. Functional

preservation of canine heart-lung preparation by perfusion with pure
haemoglobin solution. Nature 243:530-531.

Human red cells were lysed in hypoemolar phosphate buffer,

centrifuged, and filtered. The solution was dialyzed against standard

dialyzing fluid adjusted to pH 7.4 for a normal electrolyte balance.

The experimental model consisted of canine heart-lung preparations

which were maintained in a homeostatic chamber at 37 C. Six dogs were

perfused with human hemoglobin solution and six dogs were perfused
with heparinized dog blood. Survival time for the hemoglobin-perfused

preparations averaged 3.5 hours with the range of 2 to 6 hours, and

for the control dogs an average of 8.25 hours ranging from 5 to 12

hours. In both cases, until the end of survival, arterial pressures

were comparable and steady. Oxygen saturation ranged from 90-99% in

the hemoglobin group but dropped within the 30 to 45% range in the
control group. The hemoglobin group tended to become alkalinic with

pO2 . Pathologic studies showed no edema and hemorrhage in the

hemoglobin infused hearts; which both were present in the control

hearts. In addition, subendocardial hemorrhages were larger and

occurred more frequently in the blood-perfused hearts. The experiment

usually terminated with ventricular fibrillation. Because of this,
one can assume that extensive cardiac monitoring occurred and that no

arrhythmias were noted in the hemoglobin-infused group up to the time

of the death of the heart.

% %



Marks--4

Paer 2. Holdefer WF, Dowling EA. 1974. Experimental us;,, of

heterologous stroma-free hemoglobin solution (S'HS) as a whole blood

substitute. J Surg Oncol, 6:451-459.

Hemoglobin solution from outdated human whole blood was prepared

according to the Rabiner technique. The hemoglobin concentration was

7.6 g% with normal electrolyte concentration in both the hemoglobin

solution and the canine whole blood solution, which was used as
control. Both contained 15% mannitol. The experimental procedure

utilized an in situ canine isolated heart preparation with a dual

membrane lung perfusion circuit. For the normal thermic study, two

dogs received canine whole blood and two dogs received stroma-free

hemoglobin solution. Tn a separate series of experiments, the effect

of hypothermia on this model was studied. The heart was perfused with

canine whole blood at 25 C. for 30 min. After this time, the same

hearts received stroma-free hemoglobin solution at the same

temperature for 30 minutes. Perfusate flows were controlled to

maintain a mean arterial pressure of 75 mm Hg. At the end of the

study, the hearts were examined by light microscopy for pathologic

-hanges.

The authors determined that the P was 25 at pH 7.35.
50

Satisfactory cardiopulmonary bypass was maintained for the one hour of

perfusion at 370C with stroma-free hemoglobin solution, but the animal

died 45 minutes later in acute pulmonary edema. There was no loss of

sinus rhythm during stroma-free hemoglobin perfusion, and following

reperfusion with blood in the animals who were studied at the lower

temperature, the myocardium remained soft and contracted vigorously.

Pathologic studies on the animals who received stroma-free hemoglobin

at 37 0 C and then died showed findings of acute pulmonary edema and

hemorrhage and the renal tubule lumen was filled with hemoglobin

solution. However, the authors say that none of these morphologic

alterations were attributable to stroma-free hemoglobin solution.
They attribute the deaths of the animals to hemodilution and

hypoxemia.

I .% .. . , .% ., -:. *; i ..$. .i. ''!. ''.''l'ii'k'L'iL: ' 'U



Marks -- 5

Paper 3. Yarochkin VS, Koziner VB. 1977. Oxygen supply of the
isolated rabbit heart during perfusion with eryhen (hemoglobin
solution) and blood. Bull Exp Biol Med 84:1546-1948.

Isolated rabbit hearts were studied. The hearts whih were perfused
with either a 3% hemoglobin solution or autologous blood diluted with
physiologic saline until the hemoglobin concentration was 2.5 to 3 g%.
The heart was perfused at a constant pressure of 30 to 35 mm Hg and
the perfusion fluid was pumped into the coronary arteries from the
oxygenator and collected in the right ventricle where they merge from
the coronary sinus and also from the anterior cardiac veins of
Thebesius. This experiment was carried out at 38o C. Indices of heart

function were determined at 10, 30, and 60 minutes after the beginning
of perfusion.

The results show that eryhem was sufficiently -aturated with
oxygen, and the oxygen concentration, the hemoglobin saturation, and
the pO2 with eryhem corresponded to those with arterial blood. kfter
60 minutes of perfusion, the pO2 in eryhem was substantially lower
than in blood. Which the authors speculated, was due to the formation
of methemoglobin in some degree of denaturation of the protein. The
(A-V)O difference for eryhem was equal to that for blood, which
indicated that oxygen was released to the tissues. fn the case of
eryhem perfusion and whole blood perfusion, the heart muscle received
inadequate oxygen supply, but during perfusion with eryhem the hypoxia
was more severe. Both the oxygen concentration and the pO were
significantly lower than in the hearts which received blooA. There
was more marked Acidosis and hypercapnia were more distinguishable in
the eryhem group. The oxygen capacity of diluted blood was 1.4
volume % higher than for Eryhem, even though the hemoglobin

concentration was only 0.3 g% higher. This corresponded to eryhem
having only 72% of the oxygen capacity of hemoglobin. They also noted

that the eryhem dissociation curve was shifted slightly to the left
which interfered with oxygen release to the tissues. The hearts
receiving eryhem exhibited both vasodiLation, as manifested by an
increase in coronary blood flow, and a greater oxygen utilization.
The coronary blood fLow was 50% greater during perfusion with eryhem
than with perfusion with blood. The relative bradycardia observed in
it-,, experiment with eryhem Aid not prevent the increase in coronary

blood flow.

.i
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Paiper '4. Labrudo P, Duvel leroy 1, Vignern C. I /

of haemoglobin ,olut ion in efxperLment f r .ul t

of the results on potent ial use in viv,,. j lIlt t r 'n' I
French. English Summary. Agressolgie, 1:.1-/.

In previous studies the authors showed that hemoglobin so' utor

perfused through an isolated closed circuit rat heart pertus. n n
resulted in cardiac arrest secondary to coronary occlusion. 7his
occlusion was due to clogging by breakdown products of the hem, lab

solution. The current paper discusses experiments involving mixing, f
the hemoglobin solution and its circulation in vitro. The hemngl ,.

was unstable in contact with the perfusion circuit. Macromolecules,
in particular albumin, delayed the breakdown of the ;lt ion. Th,,

evidence suggested that the instability of free hemoglobin in sl w,

. was a major obstacle to its use.
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-11-11 v lur Ing hemod i tut ion with stLroma~-f free homog 1 ohin ind

T-t lemnog I nt solI ut ions. In: Blood Substitutes iad Pla sma ExpandiP%

.- Y r k Ian R. Liss, Inc.] 213-222.

serie 1o Sf exper iments , anesthesi zed dlogs underwent id
it-- lnmi henod ,iut ion with 6% stroma-free hemoglobin solution ur

-its met hemroglobin solut ion. Thi s resul ted in A cont rl group
r A' s i len t I ca t the ex per imen tql group ex.-ept fo r the oh1 iIi it

ransport oxygen. The hemoglob in sol ut ion was prepat ed and
i by Warner-1-anhe-t Research Institute of '! rris Plains, NJ.

Al oigh Hir') et ;il Ao not reference a pro)tocol, pre-sumably the
It- y d' )hn ;-lut Ion was the 3ame material Savitsky used and documented
i rner -lamlbert PResearch Institute in the late I 1/ZOs (CL in Pharmacol
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significantly in the hemoglobin-exchanged group. Myocardial blood
flow showed marked and statistically significant increments in both

groups. The increments were greater in the methemoglobin-exchanged
group than in the hemoglobin-exchanged group. Myocardial oxygen
delivery was maintained at near-control values in both groups. There
was 4 mL/dL extra oxygen in the plasma phase of the hemoglobin-
exchanged group which allowed maintenance of normial oxygen del ivery
with a smaller flow increment than Lhat required in the ,nethemoglobin
exchanged group which did not have the extra oxygen. In neither group
was the oxygen-supply significantly compromised. There was
redistribution of blood flow to the different layers of the left
ventricular wall in the two groups. In the hemoglobin-exchanged
group, the endocardial layer was favored for redistribution of blood
flow. In the methemoglobin-exchanged group, the epicardial layer was
preferentially perfused. Because of this, the estimated oxygen
delivery to the endocardium appeared better in the hemoglobin-

exchanged group. The authors note that the coronary sinus pO2
markedly reduced in the hemoglobin-diluted dogs, but that there was an
observed elevation of coronary sinus oxygen saturation in these dogs.
They attribute this to the presence of extra-erythrocytic hemoglobin,
which was responsible for shift in the composite oxyhemoglobin
dissociation curve following hemodilution with stroma-free hemoglobin
solution by approximately 9 mm mercury at 50% saturation. They
estimated that at the pO2 prevailing in coronary venous blood almost
all the oxygen unloaded came from the intra-erythrocytic hemoglobin,
while the plasma phase hemoglobin still bound substantial amounts of
oxygen. They felt that the increased affinity of the extra-
erythrocytic (unmodified) hemoglobin caused a substantial reduction in
the mean myocardial pO2, but that it was possible that perfusion
became more homogeneous, and myocardial hypoxia of a magnitude

sufficient to impair contractile function was prevented.

%.',.. "',, _' -, -. _, . v ,, ".,' . ' -" "-".".".. . . : " .-"."- -" " , ",.. -.- , -' - -. "• '•"•"•"•" .' ." ,"
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Paper 6. Biro GP, Beresford-Kroeger D. 1980. The effect of
hemodilution with stroma-free hemoglobin and dextran on collateral
perfusion of ischemic myocardium in the dog. Am Heart J 99:64-75.

This paper is in many ways similar to the paper by Feola in Chest,
75:369-375 (1979). The blood used in the paper by Biro and
Beresford-Kroeger is stroma-free hemoglobin solut ion prepared from
packed human erythrocytes by the method of Rabiner et at (1967). This %
material was tested in rapid exchange transfusion in rabbits and dogs.
It was free of pyrogens and had only an occasional, transient, less

than 2 min hypotensive reaction. Some slowing of heart rate was N
noted. The material was 8.1 g%, had 5% methemoglobin, sodium was 122,
potassium 2.5, chloride 95, pH 7.17, osmolarity 278, 02 capacity 10.2
mL/lOOcc. The solution was sterile on culture. The protocol
consisted of anesthetizing dogs with Nembutal. The left descending
coronary artery was isolated. It was occluded after baseline
physiologic measurements were made. Occlusion of the left anterior'e

descending artery was followed by transient dysrhythmias in only 4
dogs; 3 of which subsided spontaneously within 5 minutes. The one dog
which had persistent dysrhythmias was discarded. No drugs, other than
supplemental anesthetic, were given, i.e. no anti-arrhythmic drugs.
One hour after occlusion a rapid-exchange transfusion was performed.
Approximately 30 to 35 mL/kg of blood was removed from the femoral

artery and an equivalent volume was reinfused in the femoral vein.
Nine dogs received stroma-free hemoglobin solution (Group 1), 9 dogs

received their shed blood (Group 2) and 6 dogs received a 6% solution
of Dextran-70 (Group 3). Physiologic measurements were then made for
the subsequent 2 hours. Myocardial blood flow and distribution were
estimated by the trapping of radionutleide labeled microspheres. As a
result of the occlusion, before infusion, heart rate remained
constant, mean arterial pressure tended to rise, cardiac output and
sLroke volume tended to fall, while left ventricular end-diastolic
pressure rose. None of these were statistically significant between
gr,)ups. There was a consi stent decrease in the left ventricular ,%
dP/dT. All groups exhibi ted a fall in coronary sinus p0 and oxygen %

.s:toral ion. l1ood Flow to the normal myocardium at I hour after
occlusion was elevatedl, whereas blood flow to the ischemic zone was

reduced. After infusion, the transmural flow distribution was
significantly reduced in the SFHS group only.

he hematocrit was reduced in groups I -nd 3 as would be expected
from hemodilution. In Group I with the stroma-free hemoglobin
solition, the 0 capacity was 5 mL/dL; in Group 3. the Dextran group,

it was 0.6 mL/dK: in Group 1, the 0, content was 4 mL'dl, but this was
still 5 mL/dL lower than in Group 2. Hetrt rate ant blood pressure

post-exchange transfusion showed some differences, hit the
invest imators did not ment ion whether the , fference, were

i), ni ficant or not. The h,;irt r-lto in the t - i<i-f roo Thmoglohin 

*.%
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exchange group dropped compared to the other groups and remained below

the heart rates of the groups which received blood or Dextran-70

exchanges. No arrhythmias were noted by EKG monitor. The mean
arterial pressure of the groups which received auto-transfusion was

the same as the mean arterial pressure for the group which received

stroma-free hemoglobin solution for the entire post-transfusion

period. It was lower in both Groups I and 2 than in groups which
received hemodilution with Dextran-70. Only Group 3 (Dextran-70)

exhibited elevated cardiac output when compared to the other groups.
Group I (SFHS) exhibited a significant rise in dP/dT as compared to

the post-occlusion depressed levels, but only at two of the
measurement periods. Two minor and not statistically significant

differences were also evident: Group I showed the most marked fall in
arterial blood pressure and lowest left ventricular end diastolic

pressure (LVEDP). In terms of coronary sinus blood, there was a rise

of approximately equal magnitude in pa 2, 02 saturation and all 3

groups returned to the pre-occlusion range. Blood flow to the normal

myocardium rose only marginally in Group 2, but increased

significantly in both hemodilution groups. In contrast in the
ischemic and marginal zones, although there were significant
increments in blood flow, 02 delivery was restricted in all 3 groups

with two notable exceptions: In Group 1, endocardial 02 delivery
after hemodilution with SFHS was higher in the ischemic zone and it

was significantly higher in the marginal zone. When compared to the

pre-hemodilution level in the same animals as well as when compared to
the post-exchange transfusion values in the other groups, the data

indicate a significant improvement in endocardial perfusion following

hemodilution with SFHS in the normal as well as in the ischemic
myocardium. One hour after the exchange transfusion, the "washout" of

CPK from the heart increased significantly in Groups 2 and 3 but was
reduced in Group 1. By weighing the three zones of myocardium, the
ischemic and marginal zones were somewhat smaller in Group 1. The
authors noted that this difference may have indicated an apparent

underestimation of these zones because of a difficulty in visual
demarcation in the animals hemodiluted with SFHS. They commented that

this underestimation was reflected in the somewhat lower blood flow,

expecially in the endocardial layer, found in the ischemic zone in
this group, at the I hour post-occlusion period, which indicated that

this zone may have been underestimated in comparison with the other

groups. The authors suggested that the experiment revealed three
lines of circumstantial evidence pointing to an improved collateral

perfusion of the marginally ischemic myocardium, particularly to the
subendocardial layers, following hemodilution with SFHS. First, Group

I (hemoglobin) exhibited the greatest increment in subendocardial

blood flow and in 0 delivery. Secondly, in contrast to the

increasing output oi CPK in Groups 2 and 3, there was a reversal of
this trend in Group 1. Presumably, this indicates a reduction in the

mass of myocardium leaking the enzyme. Thirdly, although

-'- ,.. ,,. -. " "... . .. . .... -.-,... .. .-' .- .; i .-- . .' .. .--" .-----. -. - -.' " -".-"**. ' .- -- .'"-'-'-'' , "
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statistically not consistently significant, Group 1 exhibited the best
left ventricular performance, returning to the pre-occlusion level.
There is a further possibility of a passive mechanical factor
contributing to the improved collateral perfusion. Flow in a
maximally dilated vessel, as these collaterals presumably were, is
also proportional to the left ventricular end-diastolic pressure,
because of the vascular "waterfall" phenomenon. As a result of the
lower end-diastolic pressure in Group 1, there is less compression
than in the other groups, allowing better perfusion to the maximally
dilated collaterals. The fact that a similar phenomenon is not seen
in the Dextran-hemodiluted group suggests that a factor other than
reduced impedance to ejection is also involved. Blood values measured
in the coronary sinus revealed no significant differences between the
groups. The pO and oxy-hemoglobin saturation in coronary sinus blood
reflects the integrated effects of a spectrum of oxygen extraction by
various regions of the myocardium.

In summary, they noted that following the exchange transfusions,
blood flow to the ischemic zone increased in all groups, but only
marginally in Group 2. The greatest increment was seen in the SFHS
hemodiluted group in which endocardial flow increased by 83% and
epicardial flow increased by 45%. These resulted in the greatest
improvements in oxygen delivery. Significant increases in blood flow
were seen in Group 3 as well, but oxygen delivery was less adequate.
Group I also exhibited the lowest output of CPK from the heart and was
the only one in which the indices of left ventricular performance
(dP/dT and EDP) were returned to the pre-occlusion level. These
findings suggest the possibility that reduction of blood viscosity by
dilution with SF[|S improves collateral perfusion of the ischemic
myocardium.

"I
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Paper 7. Biro G. 1982. Comparison of acute cardiovascular effects and
oxygen-supply following hemodilution with dextran, stroma-free
haemoglobin solution and fluorocarbon suspension. Cardiovasc Res,
16: 194-204.

Biro selected as the study model an in situ right heart bypass with
dogs. These animals were anesthetised with sodium pentobarbitone.

They were intubated and a right heart bypass was performed. A rapid
exchange transfusion was performed in which approximately 40% of the
animal's estimated blood volume was removed via the femoral artery and
replaced with one of three solutions by the femoral vein. In Group I,
the blood volume was replaced in 9 dogs with 8% stroma-free hemoglobin
solution prepared from outdated packed human erythrocytes by the
method of Rabiner et al (J Exp Med 126:1127-1142, 1967). In Group 2,
9 dogs received Fluosol-DA 20%. In Group 3, 8 dogs received dextran-
70 (6%). Group 4 consisted of 8 dogs which received their own blood

for reinfusion.

The hematocrit was as a result reduced from 18 to 22% by this
isovolemic hemodilution. Comparable hemodilution and comparable
reduction in whole blood viscosity was not followed by similar changes
in cardiac output; dextran and Fluosol-diluted groups of dogs showed
significantly elevated cardiac output, while hemoglobin-diluted groups
did not show elevated cardiac output. As a result, systemic 02
transport was better maintained with dextran and Fluosol. Myocardial
blood flow increased in all three hemodiluted groups, but oxygen
supply was not similar. The hemoglobin-diluted group showed
inadequate 0 supply, suggested by a fall in coronary sinus P0 2 ;
dextran diluied group exhibited adequate 0 supply suggested by
maintaining coronary sinus pO2 , while the Fluosol-diluted group
enjoyed excessive 0 supply indicated by a markedly elevated p02 in

coronary sinus blooi. There was little difference in heart rate and
arterial blood pressure in the 4 groups except for a transient
bradycardia in the SFHS diluted dogs of Group I. Cardiac output was
maintained at control level in all four groups. However, in these
groups, Groups 2 (Fluosol) and 3 (Dextran) had an immediate and
significant elevated cardiac output, but the elevation was less
sustained and the Fluosol-diluted animals than in the dextran diluted
group. The estimated systemic 0 transport rate, which was the
product of cardiac output and arierial 0 content, was lowest in
Group 1, the SFHS group, because of the iailure of the cardiac output
to rise; it was almost up to the control level in Group 2 initially,
falling subsequently to the level of the dextran diluted group. The
indices of left ventricular performance indicate best sustained left
ventricular dP/dt in Group 3 (dextran-70) accompanied by marginal

elevations in LVEDP. There was no significant difference between the
other three groups in this respect. The calculated systemic and
coronary vascular resistances at 1-hour after exchange showed that.

.i ' °- '.:2.''2 .i .%. , % -. . .. ... . . . .. - . -.. ,
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there was a marginal rise, although not statistically significant, in

systemic vascular resistance in Groups I and 2, in contrast to a
significant fall in Group 3. Estimated total vascular hindrance

tended to rise in all three groups. In contrast, coronary vascular

resistance fell markedly in all three groups. There are obvious

differences between the groups in the oxygen available to And
exLracted by systemic circulation. Each of the hemodynamic groups

exhibited a reduction in oxygen content, as welt a; a rise in pO2 ' in

the arterial blood. The former is due to the dilution of the

erythrocytic hemoglobin concentration of whole blood; this cannot be

balanced by a significant 0 2-transport capacity in the plasma phase,

since the erythrocytic 02 capacity is still 5 to 6 times greater than

in the plasma phase. The rise in arterial pO is presumably due to a

more even topographic distribution of the V /6 ratios in the lung,

since ventilation and inspired pO were unaftered. There was a

surprising similarity in the mixei venous 0, contfent in the three

hemodiluted groups, in the face of large differences in pO While

dextran dilution was followed by only a small fall in mixei venous

pO 2 , SFHS dilution was followed by a significantly greater fall, while

a marked rise occurred in the Fluosol diluted animals. The authors
postulated that the fall in the SFI1S diluted group was related to the

high 02 affinity of SFHS which rendered the tissues' access to the

extra-erythrocytic oxygen more difficult. In contrast, the linear 02

loading/unloading characteristics of Fluosol appear to present an

apparent advantage, provided that high alveolar pO 2 can be maintained,

thus allowing the extraction of substantial amounts of 02 at a higher

venous pO2 . The oxygen available to and extracted by myocardium

showed that in the dextran diluted group the flow increment was of

such magnitude that coronary sinus pO 2 was only marginally reduced.

In sharp contrast, the extra-erythrocytic 0 carried by SFHS was not% 20available to the tissue and the flow-increment was not adequate, which

necessitated a marked enroachment on venous reserve. The
Fluosol-diluted group exhibited the opposite phenomenon; in these,

adequate oxygen extraction was achieved at a significantly higher pO 2

.4 in the coronary sinus, thus appearing to be at a relative advantage.

This view of relative advantage is predicated on the assumption that

changes in coronary sinus pO2 parallel, at least in a semi-

quantitative sense, those prevailing at the tissue level. in the
myocardium. This assumption, in the absence of direct measurements of

myocardial pO , was not substantiated by data in this paper, but it is

conceivable t~at somewhat better myocardial 0., supply in the

Fluosol-diluted group may be responsible for their :narginally superior

ventricular performance in this study.

The currently excepted view of coronary sinus hI od flow
regulrition suggests that regulating coronary arteriolar resistance to
keep flow adequate to maintain relatively constant myocardial pO is

2
dependent on adenosine as a mediator regulating irteriolar tone.

'
5,.
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Perhaps under these experimental conditions there was a failure of
this autoregulatory feed-back mechanism. This suggests that the
failure of adequate coronary vasodilatation in the SFHS diluted dogs
was related to interference with the normal movement and/or metabolism
of the vasodilating mediator. This appeared more plausible, since
normal erythrocytes are capable of rapid degradation of adenosine.
This adenosine deaminase activity is not tightly bound to the
erythrocyte membrane and was perhaps not removed completely during the
procedure to remove stroma fragments. Adenosine deaminase activity in
the SFHS solution was significantly lower than in Lnpurified
hemolysate of dog blood. The author concluded in this paper that
similar degrees of hemodilution may not be followed by comparable
changes in hemodynamics and 0 supply, because of the different 0,
unloading characteristics of SFHS vs Fluosol. In this regard l tui-i;nI
was found superior to SFHS.

4 . ~ . . . , S ' 4
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apter 8. Elert 0, Otterman U. 1979. Cardioplegic hemoglobin
perfusion: A method of providing optimal myocardial protection.

Thorac Cardiovasc Surg, 27:245-247.

The protocol -onsi s ed of a I -hour per iod of norunot herm ic card lac
arrost in dogs. This was produced by infusion )t roon temperature
homoglobin solution which contained all of the following cardioplegic
agents: Mg-aspartate, K-aspartate, and procaine. After this 1-hour
-ardioplegia, all the hearts reversed promptly, iml after a 10-15
minute recovery phase, the hearts showed normal pressures and output.
Metabolic investigations of left ventricular nyocariial tissues showed
a fall in adenosine triphosphate of up to 46% after 6) minutes, and a
63% fall in phosphocreatine as compared to the initial levels.
Resumption of perfusion after 30 minutes ischemia led to a more rapid
increase in the low ATP and PKr levels during the reperfusion phase.

Comparative studies of myocardial metabolism showed that this
level of energy-rich phosphates and lactic acid was achieved at
15 minutes of pure normothermic ischemia. It was also shown that
carlioplegia with Mg-aspartate-procaine and mild hypothermia offer
-imiliar myocardial protection for only 40 to 45 m inutes as compared
with I-hour protect ion From normotherinic hemoglobin -ardioplegia.

The authors concluded that a 6.4% stroma-free hemoglobin solution
containing cardioplegic additives showed improved myocardial
protection during cardiac arrest. This solution produced optimal and
easily reversible cardiac arrest, together with optimal oxygen
transport and oxygen yield in the myocardium, similar to that provided
by whole blood.

a

ao

a.
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Paper 9. Rosen Al., Gould S, Larshman RS, e2 at . 1979. Card iac out pi.t
response to extreme hemodilution with hemoglobin solutions of various

P50 values. Crit Care Med, 7:380-383.

The hemoglobin solution the investigators used was essentially as
described by Sehgal et al. Ear Surg Res 11 (suppl.2):43, 1979. It was

pyridoxalated but not polymerized. The concentration was between 5.7
and 8.0 g/dl. The P 5was from 12 to 59 mmHg, osmolarity was 290 to
310 mOsm/kg and the colloid osmotic pressure varied between 20 and
25 mmHg. Adult baboons were tranquilized, anesthetized, and

intubated. They recieved the following medications: Ketamine,
atropine, thiopental, and D-turbocurarine. These animals underwent
right heart catheterization and also had continuous
electrocardiographic monitoring. The hemoglobin solutions were
prepared with various P s by varying the amount of pyridoxal

phosphate coupling to the hemoglobin. Baboons were randomized to
receive the hemoglobin solutions. A baseline set of measurements was
obtained and then exchanged transfused to a hematocrit below 6%, and
again hemodynamic measurements were taken.

The starting hematocrit of 35% fell to 1.5%; the functional whole

blood hemoglobin concentration went from 11.6 to 4.4 g/dl; and the
whole blood in vivo P fell from 31 to 18 mmllg. These changes were
significant. The caroiac output fell from 3.2 to 2.5 liters/min but
was not significant. The heart rate increased from 108 to

141 beats/min, but the stroke volume, mean arterial pressure, and
mixed venous PO 2 aLl decreased significantly. There were no changes

in pulmonary capillary wedge pressures, intravenous pressure, mean
pulmonary artery pressure, systemic vascular resistance, oxygen
consumption, and oxygen content difference. There was no correlation

between the cardiac output and the whole blood in vivo P 5 0 ' nor was
there a correlation between the P50 and the heart rate or stroke
volume.

The authors commented that in previous work with baboons, an
increase in cardiac output had been noted in normal volume anemia
caused by exchange transfusion with Dextran-75, but not after total
exchange transfusion with stroma-free hemoglobin. In the total
exchange, cas, the hemoglobin concentrat.ion did not Fall below 1) /M
*and the P was "'f mmlig. The hypothesis of the paper is t hat the
cardiac output did not increase with decreasing hemoglobin
concentation because the hemoglobin concentration might have been
just above the critical value or that a large fall in P 0 led to50 -
myocardial hypoxia. They have now demonstrated that the hemoglobin

concentration, per se, does not appear to be the critical stimulus for
an increase in cardLac output with hemoglobin solution. In addition,
the position of the hemoglobin-oxygen dissociation curve did not
appear to influenc:e the hemodynamic responses. They concluded that
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the physiologic response to anemia in the presence of hemoglobin
solution appears different than that observed in the absence of plasma
0 2carriers.
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Paper 10. Suaudeau J, Fallon JT, Austin WG, Erdmann AJ I[. 1978.
Stroma-free hemoglobin solution for perfusion of the isolated lamb
heart at 380 C. Trans Am Soc Artif Intern Organs, 24:261-269

Hemoglobin solution was prepared from washed sheep red blood cells.
The red cells were lysed in hyposmolar phosphate buffer and underwent
sequential filtration and uLtrafi[tration. Molecular sieve filtor
were used so that molecules less than 5000 daltons were ret ine1.
Hemoglobin solutions varied from 4.4 to LI%. Methemoglobin was
0.3 g/dl; P50 was 32; electrolytes were physiologic; osmolality was
300; pH 7.5. The procedure consisted of isolating lamb hearts and
connecting them to a perfusion circuit, consisting of a putp, a lung
membrane, and dialysis system to maintain nutrition. There was a
continual, gradual turnover of hemoglobin. Perfusion occurred at
380 C.

In lamb hearts which were perfused with whole fresh lamb blood,
left arterial perfusion was supported by the heart for 9 to 25 hours
and excellent performance occurred throughout. Left ventricular
function curves were normal. There was no change in coronary vascular
resistance, myocardial oxygen consumption, carbon dioxide release, or
arterial venous pH differences. Some hearts developed minor degrees
of subepicardial and subendocardial hemorrhage; none became edematous.
Microscopically there was good preservation of myocytes. In the group
which received perfusion with 7% stroma-free hemoglobin solution, left
ventricular function was abnormal. Left atrial perfusion occurred up
to 4 hours. Coronary vascular resistance was lower than control
hearts and coronary flow was higher. Perfusate pH, blood gases, and
myocardial oxygen consumption were the same as control and did not
change during left atrial perfusion, even with the onset of
ventricular failure. These hearts showed diffuse hemoglobin staining
of the myocardium soon after the onset of perfusion and later they
became edematous. Microscopically there was marked cellular and
interstitial edema; myocytes were intact except for the mitochondria
which were at times swollen with loss of cristie and matrix granules.
Significant hemoglobin accumulation was found in the interstitium and
areas of coagulation necrosis were present. In hearts that received
11% stroma-free hemoglobin, 2 of the hearts performed better than
hearts that received 7Z hemoglobin; however, 3 others did not tolerate
left atrial perfusion. Coronary vascular resistance, perfusion flow,
perfusate pH, and arterial gases were the same as 7% hemoglobin, but
the L1% hemoglobin 'iarts consumed more oxygen and developed early
hemoglobin staining of the myocardium and promiaent edema.
Histologically they were similar to the group receiving 7% hemoglobin,
but the changes were more severe and diffuse. Another group received
8% hemoglobin with 7. albumin. These hearts were able to generate
less ventricular str,,ke work than for 7% hemoglobin alone. They
failed after only 1 '2 hors of left atrial perfuslon. ( noronary

%
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vascular resistance was high and perfusate flow correspondingly low.
The AV pO 2 and pff differences were higher than the,;e values for the

other groups. Despite low perfusion flow, these hcarts extrncted a,;
much oxygen as control hearts, and the blood gases did not 'uggest :%
tissue hypoxia or acidosis. The hearts appeared normal after 8 hours

of perfusion. Microscopically there was less edema than the other 2

groups and extravasated hemoglobin was less conspi'uous. Another

group received 4.4% hemoglobin with 5.5% albumin. They did not

maintain ventricular work with left atrial perfust n for longer than

1 1/2 hours, but during that time they performed btter than the
hearts which received 7% hemoglobin. Coronary vascular resistance,

coronary flow, oxygen consumption, perfusate pH, and arterial gases

were the same as the values for the group which received 7%

hemoglobin. Histologically they appeared similar to the group which

received 8% hemoglobin with 7% albumin, but the,, 'ia:n more weight gain.
In general, the hearts were able to be maintained with hemoglobin e.

solution for up to 5 hours. However. as noted above. there were many

problems. Increasing the oxygen-carrying capacity of the ir perfus tt.
by increasin, (he hemoglobin from 77. to 11 % did imprOve ventricul ar

performance in 2 of 5 hearts, but also led to more extensive

morphologic damage. Increasing the colloid osmotic pressure with a
perfusate by adding albumin markedly improved the morphologic

preservation but the viscosity of the perfusate was so high that

coronary flow was reduced by 50% and AV pH was doubled. These hearts

could not perform any significant work. The last solution, the 4.4%

hemoglobin with 5.5% albumin, had a lower viscosity than the 8%

hemoglobin with 7% albumin and again there was good morphology, yet

coronary blood flow and ventricular performance were the same as for

the 7% hemoglobin alone group. None of the hemoglobin preparations
was able to equal the performance of myocardium with whole lamb blood. WI

lemoglobin perfused hearts consumed as much or even more oxygen than
hearts perfused with whole blood hut Could produce onlv 1/2 or 1 '3 the

cardia-c work.

e,

'p
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Pllk er l 1.. Suaude01u .I, Val. 101 IT , KullI', F , Aust.en Wi;, 1-.1 dhnalil A I.
1979. Protection by plasma proteins of the isolatod Iamb hieart

perfused with stroma-free hemoglobin at 38 C. Ann Surg 189: 522-M.

~Stroma-free hemoglobin solution was prepared from washed sheep red

cells which were lysed in hyposmolar phosphate buffer. This solution
was mixed with saline to adjust the electrolyte and buffer

concentrations and was ultrafiltered to remove molecules other than

the size of hemoglobin. The final material was between 4.5 and I g%

hemoglobin, 0.3 g% methemoglobin; the P50 was 32; osmolarity, 300;

pH 7.5 at 38°C. Hearts were removed from 2 to 3 month-old lambs and

placed in a preservation chamber which was attached to a venous

reservoir, a central reservoir, a Millipore filter, membrane lung

exchanger, and a dialysis system. W'or the hearts which received

stroma-free hemoglobin solution, a small amount was removed from the

circuit constantly to minimize methemoglobin accumulation. The

stroma-free hemoglobin was also dialyzed against blood from a donor

sheep across an artificial kidney to prevent nutrient depletion and

metabolic waste product accumulation during the perfusion. For the

hearts which received whole blood, exchange against whole blood ,lid

not occur but whole blood was replaced with fresh whole blood
constantly during the experiment. There wer. 5 groups. One group

received whole fresh lamb blood; the second group received stroma-free

hemoglobin, 7% (Group A); Group B received 11% stroina-free hemoglobin;
Group C received 8% stroma-free hemoglobin with 7% bovine albumin and

I part microfitter plasma in order to increase the colloid osmotic
pressure; Group D received a compromised solution containing less

albumin and less hemoglobin in order to balance the col to 1, osmit iC
pressure and viscosity. In general, they were able to perfuse
isolated lamb hearts with 7% stroma-free hemoglobin at 380 C. for

8 hours, by using left atrial perfusion for the first 2 hours followed

by aortic perfusion. They found sustained contractions and no rise in

coronary vascular resistance, normal arterial venous pO 2 , pCO 2 and pH
differences, and noriial myocardial oxygen consumption. Stroma-free

hemoglobin perfused hearts did not perform as well as control hearts

perfused with blood. They were unable to sustain prolonged left

atrial perfusion and developed extravasation of hemoglobin and

interstitial edema is well as myocytic and vascular-endothelial cell

damage. For Group A (7% SFHS), the performance was inferior to that
of control hearts. None coulA tolerate left atrial perfusion (IAP)
Fr more than ' hmjr-, whereas control heairts had at Hr,2;' hour,; of
LAP. They ha I 1owoi ventr imcu] ar function, l,)wer no n -,iron'! v

resistance and h r,, coronary flow than control hart s. In cont I .'t
to cent rol exper imei:t . ox yen consumption, carb ,n di ox ide product ion
and arterial veno, pil dit terences increased to a pak ,ncrin, left
atrial perfusion nlnt thn decreased during nort ic perfusion. This wa,;

found in all spinal roceiving stroma-free hemoglobin solution. After
te be',in n~n of ,r f,,i~m;on, 1 ffuse hemogl ohin ';TL 0 in ' )f t be

V',
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myocardi .im Aeveloped and the heart appear eI !e"n nr, wa s itn
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with left qt-ial perf usin was simil ar to G"roup N. Mly c ird ial

c ow, ec ti I it wis not IepIIr e SSe d roI low)nw th l Ief t it r iil perfus ion
tnr i 31I i n cont ra st o roee A. MIen ccnonarv reSi stance wats higher anrd
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]rn)u. . cros Jl;75 _ l) -aIIy t here Was S arked 1y Les s ed ema than in
iriA Jr P, and extr-i.'asited hemoglobin was less co)nspicuous.
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Ii c o I wl dhegenerating mi tochondria. For Group D with the
I w 1 I~ In 1- 1 551111d hemog lob in of ?4. 1, these hearts did not
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mitochondria, capillary endothelial swelling and hemnoglobin

extravasation into the interstitial space. The addition of 5i to 777

albumin to stroma-free hemoglobin solution Mz-9) markedly reduced

interstitial edema (weight gain 1171), preserved initochondria,

prevented endothelial swelling, And limited transcapillary escape of

hemoglobin. Thus isolated hearts perfused with stroma-free hemoglobin

solution develop vascular endothelial damage and an increase in
capillary permeability. The addition of plasma proteins to the

perfusate protects against this injury.



Paer~ 12. Feola M4, Azar 1), Wiener L. 1979. npr~ -A1 oxgennit ion it

i sc hein ic myoc ard ium by hemod i]1ut ion w it h sL romi- r,-e heitf)i )bifn

solution. Chest 75:369-375.

Dogs were anestheti zed and the lef t anter io r le s-ei I i ii, coronary

artery was occluded fur 3 hours. The oxygenntt 1(n Ibe myocardial
tissue was moni tored by a polarogratph ic techn ique pit-lo1 f record LIng
.simul taneously the oxygen tens ion, the p&> of yc*r1iltli;sue And
electrograms. Ischemic injury was monito)re-l by mciri -t~ ofs segment
elevations on myocnrdial and epicarlial 'lcr~r~.ho Volume .of
myoc ardi ili in farc t wasa measured At the toonA -t .. o rint by
incubation of transverse sLices of left vent ciA-, i -Olut ion of

nitroblue tetrazolium and by separation ,' tho ir intol ischemic)
from the stained (normal) portions. The do?-s were [rou c )fr this

experiment by anesthesia with sod ium pentobar'.: i theo were
intubated and ventilated on a respirator; the :he' 4 ii o1pened and the%
.?lectrical monitors were placed i)n the heairt ind !ro pressure monitors
were inserted into various chambers of the hearf . 'her.- wa-s i note in

the procedure that to reduce the occurrence of Yen: r 'cul ir fibrilation

lidomu'.ine hydrochloride was infused at the rate m g min for the

duration of the experiment. This might explain wh.there is no

men:: (on of arrhvthmias in the dogs rece iving heo h i. TI f course,
witrh allI the I i fferent ,pi card ial el ec t rode,;m ind Oe a pI tc ed on and -
in iihle heart , certa i l y some degree .4I vent r i c ul r rr iti~ Iton woulli
0,oimr reo irAl I si .4f t he presence of hemo)glibi, .,!i ii. In ne group

t lgs hemodilut ion wis pert-oimelI at-ter 15 nit7 i schenia by

eAxchaig in., blood with i strmn -tree hemnoglob in t. : in !: mm 3
hematocrit of -. t.) a hematocrit of 2 . Chmir s -.or r i n_ in t hi s
gro up we re co)n pi r e to t hose; icc u rr i ng in do?; h hi I I n t unde rgo%

hemosi i lut io)n, underwent hem-1 Llut ion wi th Dext ran - , r were 1

retransfused wirh whole blood. Ilmiii utin W~th he.og b reduced

a,)r t : ind left ventricular f ill ing pres-sL~rci whil icrasn
c r ) icy, 1blot1o t [w, increis.od myocair~il 11 Q I L *-,, ,ement

I'Mv i n f )Oth n1voca:,rAl aI I eicar !1 1 eloc r r t -I iu.:ed
t he v.ol ume of:-iyvoc-Iri iAl inf.a-rct . These ef fe 's -we' o I Io it C 1el b)y
nernmol !tu! oi-n wi th Aecizran or infos ion o., 1,h w" e Io with N

I oh) i n s )I iit ion, ho rne-in Ilot t tm r-ic i lu ,, - , 1 redi, I he .

i )r Lic ire(-s sLi re wa-is .in.1:t i-io~ ,no.1 A , 1 ,10Xs rveJ over
controls, c jrnn iry )loodA fliw Lhr-igh : he -n mnic

areywasi iciproved, 'he miir 1:-il A:n. r Ks a3ni

th.. ne i ST se:.irenot o~lev it in f or "' r 71 i 41 iI S i

I re i sed i ni' i r int v O 1 K

inci-se the -nii~i u;p I~ )X4 .- Ie .Z 'r

mxy.'en. Ifemiid ii ut icirm w i bonn' 1 2. :: Ic e~i .- r inir

:mn -n y c a ri 1) 5n !i, Tm- c r rc to, Ib-w I'.' t I . cr-. e

trns~;:nwith whole h1,l d .:,-tiso-I mc v

-.PN
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Paper 13. Moores WY, DeVenuto F, Heydorn WH, et al. 1981. Extending
the limits of hemodilution on cardiopulmonary bypass using stroma-free
hemoglobin solution. .1 Thorac Cardiovasc Surg, 81:155-162.

Ilemoglobin sol ut ion was prepared by the technique of I)eVenul0, ,'t alI

1977. Hemoglobin concentration was 7 g%; methemoglobin 3.5%;
electrolytes were physiologic; pH 7.35; P 14.5. Small pigs were

50given halothane for induction of anesthesia, nitrous oxide for
maintenance and succinylcholine for paralysis. A tracheostomy was
placed and the animals were intubated. They were connected to an
extracorporeal perfusion circuit. The pigs were initially hemodiluted
to a hemoglobin of 10 g% with their temperature kept at 37 . Their
rate was maintained with ventricular pacing at 140 beats/min after
blocking the conduction system with injection of formalin. Preload
and afterload were controlled and all of the appropriate myocardial
measurements taken. Animals were exchange transfused with stroma-free
hemoglobin solution or with 7% albumin solution to a hematocrit of 5 '. r
At this point in the in situ right heart bypass model, preload,
afterload, and heart rate were all controlled. The results were as
follows: Myocardial performance following albumin solution exchange.
could not be sustained on right heart bypass and these animals had a
stroke volume of 0 at a left ventricular and diastolic pressure of
14 torr. Stroma-free hemoglobin solution animals had a significant
drop in stroke volume at 14 torr following exchange, but this 50%
performance level could be sustained. Coronary blood flow rose and
myocardial oxygen consumption fell in both groups, although the
stacistically nonsignificant mean differences were less with stroma-
free hemoglobin solution. Arterial-coronary sinus oxygen differences
fell significantly with albumin solution and non-significantly with
stroma-free hemoglobin solution. Lactate production occurred in both
groups but was greater with the albumin than with stroma-free
hemoglobin solution. No changes in myocardial tissue gases were noted
in either group. Although myocardial performance decreased and some
lactite production occurred with stroma-free hemoglobin solution, they

TnlJdeA that with these comparative results there was promise in the
eventual utilizati-n -f an oxygen carrying agent such as stroma-free
hemoglobin soLut ion t, extend the limits of hemodilution to a
hematocrit value of ') or less. With all the different drugs on board
plus the ventricilir pacing these hearts were receiving, of course it

w,,uld have boen dit ' ult tI) observe any arrhvrhmogenic effect of the
em,)globin s,)it i ),. N) pathology study was dIne o thse hearts.

- - :. . .. :. .. . . .. . .... ... .. .. .. . . . . . ......... , ........... , . ,
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Paper 14. Moores WY, DeVenuto F, Heydorn WH, Greenburg AG, Utley JR.
1982. Effectiveness of stroma-free hemoglobin solution as seen in a
right heart bypass swine model. Crit Care Med 10:279-282.

This is essentially the same paper with the same data as Moores et al,
J Thorac Cardiovasc Surg, 1981. The only difference is that a third
group was added in which the hematocrit was decreased to 10% with 7%
bovine albumin solution in addition to a group which is already
reported in the last paper where the hematocrit was decreased to 5%
using 7% bovine albumin solution. There conclusions were essentially
as reported in the last paper and are as follows:

Myocardial performance after albumin solution exchange was
sustained on right heart bypass in only one of ten animals. SFHS
animals had a significant drop in stroke volume at 14 torr after
exchange, but the 50% performance level could be sustained. Coronary
blood flow rose and MV0 fell in all groups although the statistically
non-significant mean diiferences were less with SFHS. The S(a-cs)O2
Arterial-coronary sinus oxygen content difference fell significantly
with albumin solution and nonsignificantly with SFHS. They concluded
that although myocardial performance decreased with SFHS, they
believed these comparative results support the use of SFHS at a
hematocrit of 5%. The same comments made on the last paper pertain to
this paper.

.N
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Paper 15. Kim HW, Rowley BA, Feola M, Roberts LA. 1983. Effect of
stroma-free hemoglobin on an isolated perfused rabbit interventricular
septum. [Abstract No 2766] Fed Proc 42:765.

Three different 7% stroma-free hemoglobin solutions were tested as
potential perfusates for isolated perfused rabbit interventricular
septa. Controlled activity of the septum, stimulated at approximately
at 1.5 pps, was established for Tyrode buffer. After one hour
equilibration with Tyrode medium, SFHS was perfused at a comparable
flow rate and changes in developed tension, resting tension, + dP/dT,
and pbrfusion pressure were followed. After 20 min equilibration in
SFHS, a 10-min stop flow was imposed followed by a 30-min reflow. One
of the SFHS (Prep C) preparations, which was prepared by a sterile
filtration technique, increased developed tension by 20% during the
control period. In contrast, two other SFHS groups (A and B)
preparations and Tyrode medium allowed recovery over 30 min of 63, 79,
and 87% of developed tension respectively. The Prep C stroma-free
solution allowed 95% recovery of control developed tension after 10
min stop flow. Vascular resistance as indicated by increased
perfusion pressure increased with both SFHS and with a 7% albumin
solution in Tyrode buffer. The increase perfusion pressure was
minimal for the Prep C stroma-free solution compared to other stroma-
free solutions. The Prep C stroma-free solution, which was prepared
by a sterile filtration technique, did not cause any adverse effects
on the septum and appears to improve contractile activity when used as
a perfusion medium for this preparation.

°I
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Paper 16. Langdale LA, Gould SA, Lakshman RS, et al. 1983. Stroma-

free hemoglobin - a myocardial depressant? [Abstract] J Trauma,
2 3:64 7.

Twelve adult baboons were anesthesized, intubated, and mechanically
ventilated on room air. These baboons received atropine,

phenobarbital, pavulon, and ketamine. No calcium was given. All

animals were exchanged transfused with Dextran-7 to IMY hernatocrit.

.The animals were then randomly assigned to rt, ,,ivo nut otogous RBCs or
an equivalent amount of stroma-free hemoglobin. Bv perfusion of the
test solution, pulmonary capillary wedge pressure wis maintained at
baseline levels. Hemodynamic measurements were obtained it comparable

total hemoglobin concentrations.

The cardiac output increased significantly with heniilution in
both groups and declined towards baseline with re;-;citation. The

cardiac output- were not significantly different tiroughout the two

groups in the study. The total study lasted 6 to, hours and
heinglobin solution was in the baboons for i ttil f 2 to 3 hours,

ninimum. There were no arrhythmias noted on oontinuou;
elect rocard iographi:- monitoring. In conversiiin ilh Dr. Langale,

she told me that although the cardiac output in Lho group which
received stroma-free hemoglobin did return to preh,od iut ion levelsi,
there was an initially greater drop in the i'riii out jut of this
,,roup than in the group which received autologou RPCs. Although not
significantly lt ffecent, this drop indicitei to her t hat there might
he ',)ne suppr(is ion of ,'arliac out put diu- t, heing iti solut ions.
Sh, * it ho s ' I ule, thot the (art a rCo n, t, rosus-it , a ion with
-J r':'i.i -t o, i h 'l, h , ; nt li ffereo t 1 h n t hn -,t h RI' therapy.
Ther. wi n- ,vid ncc frm rnyo',( riiit depiot;ss tII with st rira-free

1,nh , ti tran-fus i in.

N.
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Paper 17. Denni.; RC, Vogel WIX, Apstein CS, Valeri CR. 1983. P.'renf
vasoconstr ictor sulbt Ance in stroma-free hemoglob in observed during

perfusion of ;solared rabbit hearts. [Abstrac-t] Advances in Blood
Substitute Researc-h, Bolin, RB, Gey.-r RP, Nemo GCl, eds. Prueg CI in
Bird) Res 12 2 :,42 7 -42 8 .

In this ox per irent , st romi- free henog I ob in sd ut i on fr on ', t.
00mg'percent ind modifited hrb uf fer prue tart

7 mL / nin/gram hear! produc, A a lose rel ated signi fi Cant inc rease ,
coronary perfus ion pressure fro)m a normal va] ue of b 7 mL lig tipeik

increase of 88HZ o-ver base' inc at 20o) mg7 hemoglobin. This
va soconst r icr i on wm s not *x pla i no1 by i ncrea sed ox igc n A f f i n I t
s t rom a- f re v hemo inlb t i n. "'he ncreaiod cor-nmrv vrsm',jmi rri t

ridy explatin tm Icp r t1 . 1 ross m5 oh-;erv. I ill I b 1,
baboon treated wi th st, ,ma-free bemoglobuin. 4iv convorsi! i w ti
Dr. Deainis and rDr. Vogle at thle Naval BlooA , ,#; r,-eah Liibo)ro 11t ' mfl
Ca rd iac Mu sclIe Res-e i r.:b Laoor i to ry a t Ho sto.n 1)n i Ior ';i t v Sc ho-) I
Medicine on 25 Oct 'i nd ictred thbat tbhe rese irch merit monel in t hi

abstract had not progressed far :neyond thi s stnge and n ,pub" 1, mt Iin
of this material was ant ic i patod f ) in he next ;i x rt h,; min Mmal
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P iper 18. MIoores , Wv', White FC, Bloor C, Groenbur; AG, Mhark R, -

Will ford DC. 1 98'). The physiolog ic effec's of lIX ygen transport bye
him',hhil sol Ut i's. In: Advances in Blo,)i SUh ,.LitLute R~esearch, 0

Kil in R' 1 , kwyer RP, Nemo G-1, edcs. Prog Ci in Bim1 !es 122:89-99.

P pr -1 4. Mo r',, WY. 1 98 1. fbi t ii Suiinr Y. IVl ill, -ii.n of st roiiia--tfr ee
hern )hl Ibi nSo It I is .I- C 0sU ,I t 11t I VO Ll I ui ' f i)r I it i r . u r e ( -ildor .%

Nm 1,.)) I )C, A

t I, ho.rt t 1; 1) pr p nr Ai~ on , ii cI irni eri ill'1-1; 'Wl. 111

I i I t to ii ur ini- -~ ii ) r iit i x n i'mugl i n F oh tin ~i -

-1 >It L )T)1 pre pur el 'I, Y i I trit ic)n Ai I e I e 1 itu' it L b II 0j i ,Cf ent i a I y 31

1n1 er p r I ait I n , a nd '3) -i ; im i arity p re )a re t1 r--a -f ree
h gi t)hv is i It n n )A ~f i o~, t h p r i i, x.i ;iho e h ir e enh er g

L' r tieht Te ir' hv asi: n -Iel in the ry, h U, i I e s a
7e0 7 !r-r ' previ )usly I oel horsw CrdiOVAsc Suro

V 1 4>- ', 1 4e Ma i r-eme nt were i k r !,e, ito iiiiA uf ter '2x -ha n ge
r-i i rir i n),, i h h n I i 'I T1 Lh n ril I val Iue . The

Y) Ai- -0 % l hin Iitii m)0. The r- ok 1 , rii ~n, e rcen t:

v tiI t' l :11 he :'1,0. a I li1 1 Sll1 Tii~ oi -%

i I i' po ' -!,I al f n 'ec r. , so. I I' "oII I -lalTr 1) 1 J)ou S , 3 111

I, T -,' 0 1'i .1!1 -1p or I n t he 1 ",iv - )u1 F
1) 1s I; 11.I s ts he I 1 ,1,a s Ti ho' It her I oups .

'1-1 lW."'1 i 1 P . A~~ -- t I' IX xt L e t

1 1 -' il t 1 . I - r - Ij j '4'i 1 I ' r , i i n

T- 'O '' 11 o! 1h r' e'l a- t

p. hI i s i I)*, Ti j I j a I I '

r 1 iii I ' T ' r l 0

1 r f I i t.' o u -

T! 1 'C

o I i i j) r lio ricI I !1 t 1 a

7- '1 1 T , 1 1 1 1' lit

i r irj I iU



?arks--30

better coronary blood flow, myocardial oxy-,en consumption, arterial-

coronary sinus oxygen content difference, coronary sinus p0 
2 ' or

lac t a te I x t ract ia)n. If there was 1 50% V) ume change' , t' henl 3
r,-s,- i tA t i ve ,u )I W i-n l1id nI needl cir ryv ox ylgen in krier t o h

of .t I cAc iou.. Indt Iii C lyoc ardI If kiiict i ill.

The seco)nd part )t the study usedl minimally instrument-ed, dogs

which were previously trained to run on a treadmill. After initial

Measurements, the animals were exchanged transfused while awake with

e ither ,iod ified st roma- Free hemnoglohbin sol ut ion, uimodi tied st coma-
free hemoglohin SoluI 'on or albumin. Thirty minutes after exchange

IlI in imal s were exerc ised on a treadm ill. Animals which received

ilb~umin had less exercise tolerance than those receiv ing hemoglobin

;ol ut ions. Thi, wais mani fested by dcr eased rat of exerci so and

dit-c rIIe I in a xinuLM tolera t ed t i-ne ) t e xer c is e. The restin,, heart rilto

w a; eIe v atLI a nd theI neo,,In ex 2r c i se h e ar t r at e w as Iles9s fo )r '_he a I t n- i n

*exchanged group com1,pared with the :other g1roups. The albumin animals

also showod aI sgoicant elevatrion in the recovery heart rate

Compared to the )t kiers;. ALl the ini1mils wih _ch received stroma-free

hemog 1lab i n SOtI A I )TI Ic91 tal inin had i sig niFi caint drop in arterial

o)xygen ctont ont ; hi)oecr , t his was grel test i n the album I i .,,ro-up. T h,

,-'') oxygenI co nte nt 1 i ft tre neef v ir i es g re at Y boer wee(n a ni vial: tt

t ,v In t o be tot0 t or ',IIS t a1 1 nd01 in I he gP, roup LI i i h r) 1- e iv eV 1:Il

)PerAt 1-11. 1 Int II r 0so11t WC wir L (d i idto Fr -n,,. IF . I'ho- w,,

n,, iAdvantage fi iV tiso hemoglob in s'ilu, irins, 'Ihe in 11ii a IS wh i

received album in hiad t he l ar ges t va Iue s fa-)r v enous; I a ct at.e botLh atL

rest And] for moder it t, exer, i se, hot the data were not ,Lat i st i cai ty

c ig!ni t icant A, .', hiours aol 7 ays After the exper imen , there wais
ilkI litterencic 1iet we,ti griup in the ir abil ity to toleratet exercise.

Ag n as was the, ease1 Fo)r the acute soiine model , the execi se dog

-nodel 1 id not Sho1w anil ad; ant ige to m od ifyi ng hernogl h i n sol it ion to

ni)rm qIi ze the P )v 11i,,.

Pi e h i rd sc t i )n of I hes., ,tud 'es concerned chronicall y
rlstrumented pig,,s. 1i no I f itheoglbi soluL ion aInd alt I in in

'I n weet-sr e . kl 1 1pis were exchang ,ed w it h 2 lit ers of tl~

to ichi,,vo i ho 7.at ,; Fit vailue of 1,4. In all situations;, the

rlot it risc- wi th xCer c is' After exchurige with n, bum in, Inoe

i i ! ,I )nt pig I Wher ., wi th st r Min-f ree hemogloh in sIt t io:

he -re i o ni Ig I r c,;t i n ealr, i i, o )UIt Jo lt . The, iTIn o oa .. ti

i ria 11C 1ililgilt if '1 - iltiu in injec ion wais 1110 to Iii 1 o l ) 10i he if

r-it.' be, ais o ! i %,. v i e rena i ne uI hangeOl . thlle inioni s ill
ho t h g, r ou p s shw 1) k4-11 .i tae n f a 1)ppr ox i m a t elIy 59 7 in ox e re- i s e
responise tot tow an1,, t.)'n, w it h a sheort er t ime no ted1 for exhausit i on

in hot h groups. T here wais no c hange hot w eeon g rouIps i n -,tLro ke( v - ure.

the df/it i ncL re. i ,t i,,,nif i 'anti y for h-eino' lou in sl at i l t)n ] hi t , lit

i tjm i n fil l Iow i rI x, 's r , bu~kt w ith res;t ing dtF/'tt v 11 i w I 1 "1 i etr

)T 1 1 ) Fil' il 'A OII(- 111-1,l to t rema le ! lvI
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in both groups, whereas left atrial pressure increased which indicated
an increase in the pressure volume relationships in all animals
subjected to exercise. The arterial-venous oxygen content difference
was significantly lower for the albumin exchanged animals during both
rest and exercise, whereas the arterial-venous oxy,;en content
difference in the stroma-free hemoglobin group was similar to the
normal response during the control period, both at rest and exercise.
There was no difference for oxygen consumption fo)r either group,

although the mean value for oxygen consumption in the albumin group
was lower than for the other group. Arterial lactate values went up
in both groups with exercise and was significantly greatest in the
albumin group. The blood flow studies did not reach statistical
significance between the two groups; however, there was a trend to
close approximation to control values with stroma-free hemoglobin

solution as opposed to albumin solution. There was no difference in

myocardial blood flow although the trend was more toward an abnormal
increased flow both during exercise and at rest in the albumin group.
In the case of brain blood flow, there was increased flow during
exercise that reached statistical significance in the albumin group.
Ki rtey, into.;t ine, s:.om,,ch, liver, and spl.een blood ftLow all decreased
Iurin , exercise in all groups an-A was more marked f,,r the albumin

g r.up.

Albumin solution resulted in a hyper-dynamic performance of the
heart at rest manifested by increased cardiac output and increased

(i f/dt. The SVHS group did not accelerate myocardial performance until
., they were exercised. Presumably if the fluid used contains oxygen,

then an increased cardiac performance is not necessary at rest for
netabolic needs. The SI'IS group consistently resulted in greater
:irterial-venous oxygen content difference. This is not reflected in a
greator oxygen consumption though since albumin animal,; tended to
, nons;tte fir the Aecroased arterial-venous oxygen content difference
with an increase in cardiac output. The blood flow to organs such as
Lh., heart and skeletal muscle increased with oxerise, tt blood flow
* he viscera decreased with oxercise, and the res-,ponse was more
-itrked with albumin than with stroma-froe hemoglobin, and a inore

normtal response was .btained with stromi--free hemogLobin sotlut ins.

-** ,. s\* -lb* *ol on.. . . .~ .
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